Abstract-In this paper, we study the construction, the equations and parameters of induction electrical machines, and also particularities of dynamic properties.
I. INTRODUCTION
Three phase squirrel cage type Induction Motor (IM) are commonly utilized in the industries from the capacity of several kilowatts to thousands of kilowatts as the driving units for the fans, pumps and compressors [1] . The motor favors because of its good self-starting capability, simple and rugged structure, low cost and reliability etc. Usually, the motors are maintained periodically. However, when the ground fault occurs at the motor terminal, a serious damage may be brought to the motor [3] . Also it has been known that reproduction of large negative torque transients. Therefore, it is significant to understand the transient phenomenon under abnormal conditions for the optimal design of the IM. The traditional methods of modeling of IMs have been applied by several authors. In this method of analysis, it is assumed that the effect of saturation is negligible.
In order to investigate the problems like large currents, voltage dips, oscillatory torques and harmonics in power systems during severe transient operations and introduce, the dq-axis model has been found to be well tested and proven describes the basic concept of transient modeling of the machine [2] .
Dynamic behavior of the machine may be analyzed using rotor reference frame and stationary reference frame, recommends exact tests to estimate the machine parameters to proceed with transient modeling [4] . The effect of considering the main flux saturation is investigated. It has been shown that the main magnetizing field contributes significantly to the inequality between the induction machines computer simulation results and the experimentally derived results [5] . As a result, the effect of saturation in induction machines can be included through variation of main flux inductance while assuming the leakage inductances to be constant. Transient performance of any electrical machine is greatly affected by sudden changes in its supply system, operating speed, shaft load including any variation of moment of inertia.
II. CONSTRUCTION OF INDUCTION MACHINE
Induction electrical machine has a cylindrical construction. The structural representation of three-phase induction machine is shown on Fig. 1 . The machine is composed of stator and rotor. The rotor is introduced on the shaft. The stator is a full cylinder, that is chosen from sheets of electro technical steel, with thickness 0,5 mm and each other isolated. From the inner side the magneto conductors of stator have slots. In the slots is enrolled m-phase winding. Stator windings are identical and symmetrically distributed along the slots.
The winding of squirrel cage rotor is n-phase. The conductor's endings of each slot are mutual joined.
The rotor winding of induction machine with phase rotor is similar to stator winding.
III. THE PARAMETERS MATRICES OF WINDINGS
Active resistances of symmetrical phase stator and rotor windings are well represented by diagonal matrices with (m*m) dimensions (n*n) dimensions respectively:
where RS and RR-stator and rotor phase windings resistances ;1-unit matrix Stator and rotor windings are characterized by dispersion inductances that do not have mutual relationship and can be represented by diagonal matrices, similar to resistances matrices.
The phase matrices of stator and rotor windings can be represented as follows:
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where = 2 -deviation angles of magnetic axes for mphase stator windings relatively one to another; = 2 -deviation angles for magnetic axes for n-phase rotor windings relatively one to another.
The matrices of main and mutual inductances of generalized machine windings, considering the symmetry of magnetic system and the windings, can be written in the following manner:
. ; -rotor rotation speed.
IV. THE INDUCTION MACHINE PARAMETERS VALUES
Nominal parameters are the effective values of voltage and current of stator winding. They are limit values. The expression of nominal voltage depends on magneto conductor magnetic properties, while the nominal current is defined by the capability of winding for dispersion of thermal energy. For the definition of induction machine nominal parameters, we assume that we introduce a − ℎ sinusoidal voltages system with effective value and nominal angle frequency 0 .
Other nominal data are energetic machine factors: Nominal power ; efficiency coefficient ; power coefficient ( ). We also consider the nominal rotation speed ( / ); divisibility maximal torque = / ; Divisibility of starting current * = / , with = 30. /
The nominal torque;
The nominal current value can be expressed by:
where m -the number of stator winding phases. We have the following parameters:
R1, R2-active resistances; L1, L2=dispersion inductances; L0=(m/2).LSS -main inductance
The total inductances of stator and rotor are:
Very often in classical theory of electrical machines, we use the values of inductive resistances for nominal angle frequency of stator voltage: where * = .
* -critical torque in per-units Apart from main set of parameters, in the equivalent circuit of induction motor, we use active resistance that characterizes the losses in stator magneto conductor:
The parameters of mostly used induction motors (3,…100) Kwatts in per-units are: The minimal values of parameters are related to electromotor of highest powers.
We consider the medium values of parameters for medium static induction motor: In that case, the minimal parameters values are related to electromotors of minimal powers. We also use the following: 
V. INDUCTION ELECTRICAL MACHINE EQUATIONS THAT CHARACTERISE THE ELECTROMAGNETIC PROCESSES DYNAMICS
The induction machine from the electromagnetic processes description point of view can be observed as a particular case of generalized machine that has a symmetrical magnetic system and symmetrical m-phase windings in stator and n-phase in rotor. We introduce in stator and rotor windings the voltages represented by the vectors . The currents that circulate are IS and IR. The vectors , , are periodical time functions whose angular frequencies 
where: If we consider in (1) to (6) that external rotor voltage ( , , 2 , 2 are equal to zero, then the equations will correspond to those of squirrel-cage induction electromotor.
The induction machine magnetic torque on pair of poles in current complex variables is expressed as follows:
where: î -the conjugate of complex number i.
VI. STRUCTURAL CIRCUIT OF SQUIRREL -CAGE INDUCTION ELECTROMOTOR
For the analysis and design of dynamic processes in an induction electromotor, it is convenient to represent differential equations in a structural circuit.
The representation of (5) is considered with ̇2 = 0 with the variables change:
. 2 (8)
The new variable 01 is the magnetization stator current. From variables change, new equations in Cauchy form will look as follows:
where:
In per units system (9) and (10) are: Those equations correspond to the structural circuit ( Fig.  2.a) .
The electromagnetic torque of induction machine in complex variables 01 * and 2 * is:
If we add to (11) the rotor movement equation:
Then we have the equations system of dynamic processes in squirrel-cage induction motor. We finally build the structural circuit in Fig. 2 . The matricial differential equation (6) corresponds to characteristic polynomial: Since the characteristic polynomial is of second order, the roots are:
The transient function of state variables is a linear combination of exponential time functions. Thus, from the values of characteristic equation roots we can evaluate the dynamic processes in an electrical machine.
The roots are complex numbers:
Thus, transient processes in induction machine have an oscillating character.
The angular frequency of self-oscillations is defined by the imaginary part of root Ω 1,2 , while the real part determines the speed of oscillations damping.
If |Ω 1,2 / 1,2 | < 1, then we consider that the oscillating aspect of processes is not sufficient.
We assume that the main inductance is great enough and does not influence the transient processes dynamics.
We also consider 1 = 2 : where:
The expression under the square root is negative, if
In that case, the electromagnetic processes take place with two self-oscillations frequencies:
, the real parts of roots are equal:
If the expression under the square root is positive ( * ∈ [−2 , 2 ]), then the electromagnetic processes have one frequency of self-oscillations:
While:
The error, provoked by approximation L 0 → ∞ for frequencies of self oscillations Ω 1,2 is less than 1 ---2%.
For real roots parts, the error is considerable only around *=0. The real parts of roots can be evaluated by:
The biggest error value is when *=0. In that case:
The plots of real and imaginary parts of roots depending on rotor angular rotation speed * with 2 * = 0 is shown in Fig. 3 . The dependence of oscillating factor on angular rotor rotation squad is shown in Fig. 4 . Fig. 4 . Dependence of damping factor on rotor angular rotation speed VIII. CONCLUSIONS Induction electrical machines have symmetrical magnetic system and very often three-phase salient variable current winding in stator and n-phase salient winding in rotor.
For the definition of electromagnetic dynamics of induction electromotor, it is necessary to know the resistances and dispersion inductances for stator and rotor windings, and also the main inductance.
The values of those parameters expressed in per-units, for standard induction electromotors are calibrated in small limits. The values of parameters can be appreciated from the machine nominal data.
The equations that characterize the electromagnetic dynamic processes in an induction electrical machine are a particular case of generalized equations.
The equations in u, v coordinate axis in complex form are convenient for analysis and design of dynamic processes for induction electromotor. Equations (3) are of 4 th order, that is why we use equations in complex form (5) that are of 2 nd order. The equations of induction machine always have complex roots. The dynamics processes in induction machine have an oscillating character and they particularly have a high oscillating factor for small rotor rotation speed.
